A 4.8 kilobase mouse embryo DNA fragment was inserted into a phage A genome and was subsequently characterized by electron microscopy, restriction enzyme mapping and partial DNA sequencing. This fragment contains a 400 base sequence which is homologous to that of an immunoglobulin light A chain mRNA which spans 3.3 to 3.7 kilobases from one end of the fragment. Restriction enzyme mapping as well as partial nucleotide sequencing of the 3 1 terminal of the homology region confirm the previous conclusion [Tonegawa, Brack, Hozumi and Schuller, Proc. Natl. Acad. Sci. USA. 74, 3518-3522 (1977)] that the cloned DNA fragment contains a V A gene sequence which is separate from any C sequence.
INTRODUCTION
We recently reported on the construction and isolation of a phage A (Agt -Ig 13) that carries a mouse embryo DNA insert containing an WES immunoglobulin gene (1) . Partial characterization of this phage DNA by hybridization and electronmicroscopy indicated that this mouse gene contains the V region of a A type light chain. The same study suggested that no corresponding C gene is present immediately adjacent to the V gene, thereby directly confirming the concept: two separate DNA segments code for V and C regions of an immunoglobulin chain in embryonic cells (2) . Before a firm conclusion is drawn, however, complications arising from the presence of two subtypes of mouse A chains should be considered.
According to the available amino acid sequence data of mouse myeloma A chains, A chains differ from A chains by only ten to thirteen residues in the V region, which is about 110 residues long, whereas the two types of chains differ by 27 residues in the C region of about the same length (3) . Based on this comparison of amino acid sequence differences, A and A type chains would be expected to cross-hybridize less extensively in the C region than in the V region. Since our previous hybridization studies on the Agt -Ig 13 DNA were carried out with a A type mRNA, we might not have detected a C gene of the A type, which may lie immediately adjacent to the V gene (1) . Lack of a A chain mRNA preparation of A II sufficient purity prevents us from answering the question by straightforward hybridization studies. In order to clarify the matter, we have carried out more extensive characterization of the cloned mouse DNA fragment. The results presented here and elsewhere (Tonegawa, Maxam, Tizard, Bernard and Gilbert, Proc. Natl. Acad. Sci. U.S.A., in press) demonstrated that no C -like sequence is contiguous to the V gene A A sequence.
MATERIALS AND METHODS
Enzymes Alkaline phosphatase was a generous gift of Dr M. Takanami (Kyoto University, Japan). T polynucleotide kinase was donated by Dr M. Sugiura national Institute of Genetics, Japan).
Restriction endonucleases Eco RI (4), Mbo II (5), Bgl II (6) and
Alu I (7) were prepared according to published methods. Phage Agt -Ig 13 was grown and purified as previously described (1) . The experiments were carried out in a P3 facility in accordance with the NIH guide lines issued in June 1976.
Preparation of the 4.8 kb cloned DNA The procedures were those previously described (8) . Five mg of Agt -Ig 13 DNA (100 ug/ml) were digested with Eco RI and concentrated tenfold with butanol-(2) (9) .
After dialysis against TA buffer (0.02 M Tris-acetate pH 8.0, 0.018 M NaCl, 0.002 M EDTA, 0.02 M sodium acetate), the digested DNA was loaded in a slot (19 x 1 x 0.5 cm) of a 0.9% agarose gel in TA. Electrophoresis was carried out for 2 days at 1.5 mA/cm of the gel cross section. The band containing the 4.8 kb DNA fragment was visualized on PEI thin layer chromatography sheet (Macherey-Nagel and Co., M N 300) under UV lamp (254 imi) and cut with a scalpel. The agarose gel slice was melted in NaCIO and DNA was purified by a hydroxyapatite (Bio-Gel, DNA grade)
column.
Formation of R-loop, Electronmicroscopy HOPC 2020 A mRNA was purified by the method previously described (10) . The mRNA was hybridized to the 4.8 kb mouse DNA fragment to form R-loops under the conditions The samples were then spread for electronmicroscopy as described for Rloops.
Analytical agarose gel electrophoresis
Electrophoresis was carried out in a vertical slab gel (24 x 15 x 0.15 cm) of 0.7% or 1.4% agarose.
After completion of electrophoresis, the gels were stained with ethidium bromide (i M 9 / m l in TA buffer Maniatis et^ al. (12) . At completion of the run, the gels were stained with 1 pg/ml of ethidium bromide in the electrophoresis buffer and photographed as described above.
Autoradiography for restriction site mapping After completion of electrophoresis, the acrylamide gel was transferred onto two sheets of Whatman 3 MM paper, covered with a sheet of Saranwrap, and dried under o vacuum. The dried gel was subjected to autoradiography at -70 C using an Ilford tungstate intensifying screen.
In situ hybridization of agarose gel Gels were immersed in 0.2 N NaOH, 0.6 M NaCl for 45 min at room temperature. After washing with water, the gels were neutralized in 1.0 M Tris-HCl (pH 7.5), 0.6 M NaCl for 45 min at room temperature. The DNA within the gel was transferred onto a sheet of nitrocellulose filter (Schleicher and Schull) essentially by the method described by Southern (13) . After blotting, the nitro- were separated by gel electrophoresis and extracted from the gel. After purification they were then subjected to the Maxam-Gilbert sequencing procedure (14) . After methylation with dimethyl sulfate, a sample was depurinated by heating at pH 7 followed by heat and alkali to give the G>A cleavage, or by acid treatment at 0 C followed by heat and alkali to give the A>G cleavage. Pyrimidine cleavage was done with 15 11 hydrazine In order to determine the position and length of the homology region, R-loops were formed between HOPC 2020 A chain mRNA and the 4.8 kb Eco RI fragment which had been purified by agarose gel electrophoresis. We obtained about 50% hybrid molecules. About half of these were normal R-loops with an RNA tail at one end of the loop structure ( Figure   2B ). Other hybrids showed, instead of a loop, a short stretch of thick, probably "triple-stranded" region, with one or two single stranded tails at the end(s) (Figure 2A ). In the histogram shown in Figure 3 , the The position at which the RNA tail extends from the triple strand (42 molecules) corresponded exactly to the tail-carrying end of the R-loop (dotted line, histogram, Figure 3 ). We therefore conclude that the "triple-stranded" structures are collapsed R-loops. Since the 3'-end half of the mRNA does not hybridize to the mouse DNA insert, (see ref.
1), the tail should correspond to the 3'-end of the mRNA or to C gene sequences.
In R-loop preparations the RNA molecules or RNA tails are usually not fully extended and it is therefore difficult to measure the length of the non-hybridized part of the mRNA extending from the R-loop. In order to obtain more accurate measurements, full length cDNA (synthesized on M104 \ mRNA with the AMV reverse transcriptase) was hybridized to From these results and the R-loop mapping we can conclude that the homology region is about 400 nucleotides long, and is localized between 3290 and 3690 (+20) nucleotide pairs from one end of the mouse DNA which lies to the left in the conventional map of a A phage genome (1). Figure 5 shows the map of the 4.8 kb mouse DNA fragment as obtained from electronmicroscopy.
Mapping of restriction enzyme cleavage sites
In order to characterize the mouse DNA insert further, the cleavage sites of several restriction enzymes were determined. Two kinds of experiments were carried out. In one series of experiments, the 4.8 kb Eco RI fragment was digested by several restriction enzymes which cleave DNA relatively infrequently. The digests were electrophoresed in 1.4%
agarose gel, and the DNA fragments containing sequences homologous to HOPC 2020 A chain mRNA were identified by the blotting technique developed by Southern (13) . Since the electronmicroscopy study described in the last section indicated that the homology region lies between 3.29 and 3.69 kb from one end of the 4.8 kb fragment, this was used as a guide in ordering the fragments whenever possible.
Pst I cleaved the 4.8 kb DNA into two fragments of 3.33 and 1.47 kb ( Figure 6A ). While both fragments hybridized to the H2O2O A chain mRNA, the level of hybridization of the larger fragment was only marginal. Digestion by Bgl II generated two bands at positions corresponding to 1.64 and 1.51 kb ( Figure 6B ). The sum of the length of the two fragments, 3.15 kb, is 1.65 kb shorter than it should be. Intensity of the two DNA bands suggests that the 1.64 kb band contains two fragments which did not resolve under the electrophoresis conditions used.
Hybridization was detected only in this band ( Figure 6B ). The order of the other two Bgl II fragments was not determined. The results described above are summarized in Figure 8A . In addition, Bgl I, Bam HI and Hha I were found to have no cleavage site in the 4.8 kb Eco RI piece.
In the second series of experiments, cleavage sites of several enzymes within the 1.52 kb Hae III fragment were determined by the partial digestion method (15) . Two DNA fragments, each having a P label at an opposite end of the Hae III fragment were prepared. First, the 4.8 kb Eco RI fragment was terminally labeled with y-P-ATP by T polynucleotide kinase. After digestion with Hae III, the 1.52 kb fragment 32 with P label only on the right end (see Figure 0A ) was isolated.
Second, the unlabeled 1.52 kb Hae III fragment was isolated and labeled. Nucleotide sequences DNA sequencing gave direct evidence that the mouse DNA insert contains A chain gene sequences. As Figure 8B shows, However, the sequence of the right half of the Hinf fragment shows that the region adjacent to the V gene bears no noticeable similarity to the sequences predicted from either C or C . Figure 11 shows the AI All observed DNA sequence, its complementary sequence, and the corresponding amino acid sequence obtained by reading the complementary sequence in each of the three frames. Reading in two of the frames runs into double termination codons, while the third frame yields an amino acid sequence which bears no similarity to either the C or the C region. Whether AI All or not some residual sequence homology exists between this region and C A genes remains to be determined. We conclude that the V, gene in this A clone does not have a contiguous C gene. More extensive DNA sequencing A in this and adjacent regions confirms these results (17) . DISCUSSION We reported here detailed characterization of ^St^g" From these results we would like to AI tentatively conclude that the cloned sequence is of a germ line V A H gene. The reason is as follows. From RNA-DNA hybridization kinetics, we previously concluded that both V and V genes are virtually AI All unique, namely, there exists only one copy of each, per haploid genome (19, 21) . A large number of different V or V regions are generated AI All from the V or V gene carried in germ cells by some somatic mechanism. AI All Whatever these mechanisms are, variation thus generated is highly enriched in the subregions called "hypervariable" regions. Most, if not all, of the variation outside the "hypervariable" regions (i.e. in "framework" residues) seems to be the result of evolutionary processes. It is these framework residues which characterize a germ line V gene (16) . The determined nucleotide sequence of the Ig 13 clone corresponds exactly to the V region in framework residues, while it differs from the predicted All sequence of the V region in at least two framework residues. It is AI for these reasons that we think the Ig 13 V gene is a V gene. Lack (17) . In all but one of the framework residues (11 out of 12) where V (MOPC 104E) and V AI A H (MOPC 315) differ, the determined nucleotide sequence fits to the V A H region. The significance of the one exception is not clear at this time. It might reflect "leakiness" of the mechanism by which somatic change is restricted to the "hypervariable" region. Other, more trivial explanations such as the occurrence of a fortuitous mutation, or error in protein sequencing, are not impossible. Absence of a C gene All adjacent to the homology region was also confirmed by more extensive sequencing (17) . It should, however, be mentioned that neither the present work nor the work cited here eliminates the possiblity that the Ig 13 DNA contains a C gene sequence in the region where no DNA A H sequence is available. This, however, does not alter the conclusion that V and C genes are separate in embryonic DNA. The possibility AII A H that the two gene sequences do lie contiguously in embryonic DNA, but were separated fortuitously during gene cloning procedures, is not formally eliminated. We think that this possibility is highly unlikely in the light of our studies on A type genes. We recently isolated from embryonic cells two DNA fragments that carry a V gene and a C gene AI AI 1797 separately (Tonegawa, Brack and Lenhard-Schuller, unpublished). We also isolated from HOPC 2020 myeloma a third DNA fragment that carries both V and C genes (20) . Heteroduplex and R-loop studies of these DNA AI AI clones demonstrated directly that the two genes are distant in embryo DNA and are brought closer together in myeloma DNA. Analysis of total DNA from embryos and the myeloma by the gel blotting technique gave results entirely consistent with the conclusion drawn from the studies of isolated DNA clones (Hirama and Tonegawa, unpublished).
